Background Branched-chain amino acids (BCAA) have been previously linked to survival in colorectal cancer (CRC) patients. It is unclear whether BCAAs are prognostic biomarkers or surrogate markers for energy balance. Objectives We aimed to determine correlations of BCAAs with markers of energy balance over time and to investigate prognostic significance of BCAAs in CRC. Methods We used urinary samples from newly diagnosed CRC patients [n = 163; (stage I-IV)] from the ColoCare study in Heidelberg, Germany, collected at surgery (n = 163), 6 (n = 83) and 12 months follow-up (n = 54). Isoleucine, leucine, valine, (2Z)-3-methylglutaconic acid (3HM), 2-ethylhydracrylic acid (2EA), 2-methyl-3-hydroxybutyrate (2M3H) were detected using gas-chromatography mass-spectrometry and proton-nuclear-magnetic-resonance spectroscopy. Partial correlation coefficients between BCAAs with body mass index, physical activity (metabolic equivalent) and muscle area were computed and adjusted for sex and age at diagnosis. We used Cox proportional hazard models to investigate overall survival (OS) after 24 months of follow-up. Results We did not observe significant correlations between BCAAs and parameters of energy balance at all time points (correlation ranges: BMI: r = − 0.13 to − 0.01; METs: r = − 0.14 to 0.02; dorsal muscle: r = − 0.03 to 0.10). BCAAs were not associated with risk of death in stage I-III (e.g., valine: HR log2 = 1.62, p = 0.25) or in stage IV tumors. Elevated concentrations of 2EA and 2M3H were significantly associated with OS, independent of stage (2EA: stage I-III: HR log2 = 0.42, p = 0.04; stage IV: HR log2 = 0.51, p = 0.01). Conclusion Our study suggests that BCAAs in colorectal cancer patients do not reflect parameters of energy balance and may be independently associated with overall survival. 
Introduction
Colorectal cancer (CRC) is the second most common cause of cancer-related death worldwide. At the same time, the number of CRC survivors continues to increase. ) Today, the most accurate means for predicting prognosis for CRC remains pathological stage, although substantial clinical heterogeneity in treatment response exists among patients with the same cancer stage. (Usher-Smith et al. 2016) There is an urgent need to identify more precise prognostic markers for CRC patients that can be translated to clinical settings.
CRC progression is associated with essential changes in amino acid metabolism due to the demands of the tumor and its interaction with the host. (Deberardinis et al. 2008; Kroemer and Pouyssegur 2008) The branched-chain amino acids (BCAAs) leucine, isoleucine and valine account for 35% of the essential amino acids in muscle proteins. (Uneyama et al. 2016) BCAAs are unique substrates for cell metabolism, differentiation and proliferation. (O'Connell 2013) .
There is in vitro and in vivo evidence suggesting that BCAAs may slow cancer development and progression, (Baracos and Mackenzie 2006; O'Connell 2013; Nakano et al. 2013; Sugiyama et al. 1998; Ishizaki et al. 2013; Budhathoki et al. 2017) . Prior studies have shown BCAAinduced apoptosis (Terakura et al. 2012; Shimizu et al. 2014) and inhibition of angiogenesis in cancer cells. (Murata and Moriyama 2007; Cha et al. 2013 ). Sugiyama and colleagues demonstrated that in vitro growth of human hepatocellular cancer (HCC) cells can be suppressed by enriched BCAA levels in medium. (Sugiyama et al. 1998 ) Long-term BCAA treatment in an obese-rats model of hepatocellular cancer induced cell cycle arrest and apoptosis and suppressed the development of pre-cancerous lesions. (Ishizaki et al. 2013) .
Recently, high plasma concentrations of leucine, valine and total BCAA were inversely associated with risk of colorectal adenomas, an established precursor of CRC. (Budhathoki et al. 2017) This is in agreement with in vivo studies that have linked BCAAs to reduced relapse rates ) and improved survival rates in patients diagnosed with hepatocellular carcinoma. (Tada et al. 2015; Uneyama et al. 2016 ) Supplementation of BCAAs has also shown some clinical benefit for cancer patients suffering from cancer cachexia. (Imanaka et al. 2016) .
This evidence, however, is in contrast to animal studies that have linked BCAAs to enhancement of pancreatic tumor growth (Liu et al. 2014) as well as breast cancer progression (Zhang and Han 2017; Thewes et al. 2017 ) via activation of the mammalian target of rapamycin (mTOR) pathway. There is currently no clear consensus on the role of BCAA metabolism in cancer development and progression.
To date, only a few, relatively small studies have investigated the role of BCAAs in colorectal cancer development. Qiu et al. 2009; Gao et al. 2016) Valine and leucine measured in urine were significantly lower in advanced CRC cases (stage III and IV) compared to patients in the early stage group (stage I and stage II) [n = 20 CRC cases; n = 14 healthy controls]. Similarly, serum metabolite profiling in n = 60 CRC cases and n = 63 healthy controls showed significantly lower concentrations of valine and leucine in CRC patients compared to healthy controls. (Qiu et al. 2009 ) In addition, targeted amino acid analysis in tissue of CRC cases and patients diagnosed with advanced adenomas exhibited that valine and isoleucine can successfully differentiate CRC from advanced adenomas with an area under the receiver operating characteristic curve of 0.99 [n = 22 CRC samples; n = 10 advanced adenomas samples]. (Gao et al. 2016) . BCAAs continue to emerge as biomarkers that can differentiate between colorectal cancer cases, colorectal adenomas and healthy controls as well as between early and late stage CRC.
BCAA metabolism can be altered by various mechanisms, including reduction of dietary intake, change in physical activity, or increased skeletal muscle catabolism (e.g., increased protein degradation and reduced protein synthesis). (Baracos and Mackenzie 2006; O'Connell 2013) To date, it is unclear whether BCAAs can be utilized as independent prognostic markers for CRC survival or whether they are surrogate markers for parameters of energy balance [e.g., body mass index (BMI), physical activity (PA) or muscle area], which have been independently associated with CRC survival. (Wang et al. 2017; Malietzis et al. 2015; Hardikar et al. 2015; Meyerhardt et al. 2009a, b; Kocarnik et al. 2016) For example, elevated BMI is a predictor of recurrence and prognosis in CRC patients. (Wang et al. 2017; Kocarnik et al. 2016 ) Increased pre-diagnostic physical activity has been linked to improved survival (Hardikar et al. 2015 ) and reduced mortality rates (Schmid and Leitzmann 2014) in CRC survivors.
The aim of our present study is to evaluate associations between BCAAs and catabolites with parameters of energy balance (e.g., BMI, physical activity measured as metabolic equivalent (Gould et al. 2013 ) hours/week and muscle area) over time to test the hypothesis, that urinary BCAAs may be solely surrogate measures for BMI, physical activity or muscle area. We have used urine samples of n = 163 CRC patients collected at three time-points (at surgery, 6 and 12 months after surgery) from the well-established prospective ColoCare Study to investigate correlations of BCAAs and its catabolites in urine with parameters of energy balance at several time points. Further, we investigated the association of BCAAs and catabolites with 2 year overall survival in CRC patients.
Methods
The ColoCare Consortium is a multicenter international prospective cohort recruiting newly diagnosed colorectal cancer patients (stages I through IV; International Classification of Diseases, 10th edition, C18-C20) and aiming to investigate predictors of cancer recurrence, treatment toxicities, survival, and health-related quality of life (ClinicalTrials.gov: NCT02328677). Skender et al. 2015; Ristau et al. 2014; Bohm et al. 2017) The present study was performed in n = 163 patients recruited at the ColoCare site in Heidelberg, Germany between October 2010 and January 2013. After study approval by the Institutional Review Board of the Medical Faculty at the University of Heidelberg, written informed consent was obtained by all participants.
Demographic information as well as data on established risk factors were collected using standardized questionnaires at surgery, 6 and 12 months. BMI was measured and calculated as kg/m 2 at all time points. Baseline examination includes questionnaires, anthropometric measurements, assessment of physical activity and biospecimen collection (e.g., blood and urine samples). Information on adjuvant chemotherapy, and medical history were abstracted from clinical records. Patients' survival data were monitored both, by access to medical records and as part of the active patient follow-up within ColoCare. If patients' died, the time point of death was collected.
Physical activity
We used the VITAL Physical Activity Questionnaire to assess participants' physical activity. (Skender et al. 2015) This questionnaire assesses quantity (frequency and hours per week) and type of activity during the past four weeks. The VITAL questionnaire has been validated in the English and Spanish language. For this study the modified questionnaire was translated into German (Skender et al. 2015) and metabolic equivalent (MET; hours/week) were calculated for the baseline assessment and 6-and 12 months follow-up.
Quantification of skeletal muscle area
The area of the dorsal muscles, abdominal muscles and M. psoas major were quantified using abdominal computed tomography (CT)-scans as part of clinical care, predominantly before surgery. (Nattenmueller et al. 2016) CTs from pre-and post-surgery were similar and thus, combined for statistical analyses.
Specific regions of interest (ROI) of muscle area (dorsal muscles, abdominal muscles and the M. psoas major) were manually determined and measured on two levels (vertebral body L3/4 and L4/5) by a volumetric tool (MMWP, Syngo Volume tool, Siemens Healthcare, Munich, Berlin, Germany). (Nattenmueller et al. 2016) The measurements limits for aforementioned selected ROIs were at a minimum attenuation of 40 Hounsfield Units (HU) to maximum 100 HU to avoid measuring errors including muscles' lipid content and application of contrast media. (Goodpaster et al. 2000) .
Biospecimens collection
Spot urinary samples were collected at the National Center of Tumor Diseases (NCT), Heidelberg at three time points [prior to surgery (n = 126) and in some cases 1-8 days after surgery (n = 37), 6 months (n = 83) and 12 months (n = 54) after surgery]. If patients underwent adjuvant chemotherapy, follow-up visits were scheduled at least 2 weeks after their last chemotherapy cycle had been completed. Urine samples were aliquoted immediately and stored at − 80 °C until analysis. Self-reported food and fluid intake before sample collection was monitored during follow-up visits.
Laboratory analyses and quality control measurements
We used gas-chromatography mass-spectrometry (GC-MS) and proton-nuclear-magnetic resonance spectroscopy ( 1 H-NMR) for the metabolomics profiling of urinary samples, as described in detail previously. .
Sample preparation and quality control: GC-MS
Preparation of urine samples for GC-MS was based on the method by Cheng et al. (2012) Urine samples were thawed and vortexed briefly and aliquots of 50 μL were transferred into a reaction tube and 10 μL internal standard solution was added. The sample was transferred into an amber vial with micro inserts and subjected to GC-MS analysis. We used pooled quality control (QC) samples and Kovats retention mixtures (50 μg mL −1 ) injected with every analytical batch. A LOESS function was used to correct drifts for each metabolite and relative standard deviations (%RSD) were used to estimate the analytical noise. In addition, we analyzed paired samples in the same analytical batches to account for timedependent bias due to analytical drifts. Analyses were carried out on an Agilent 6890 GC/5973 MS single quadrupole system. Data acquisition was started after a solvent delay of 5 min. Spectra were acquired over a range of 50-500 m/z. ).
Sample preparation and quality control: 1 H-NMR
Sample preparation for 1 H-NMR was performed according to the method by Xiao and colleagues: 540 μL urine were spiked with 60 μL K2HPO4/NaH2PO4 buffer in D2O (pH 6.5, 1.5M). (Xiao et al. 2009 ) QC samples were run at the beginning and end of each analytical batch. Citrate was measured in duplets during all data acquisitions and a 14.7% RSD in the raw 1 H-NMR data already indicated an analytically robust method and a short term variance (across n = 100 samples) of a median %RSD of 5%.
Data pre-processing

GC-MS
Raw files were converted to netCFD format, imported into MZMine 2.0 (Pluskal et al. 2010 ) and chromatograms crop filtered (5-32 min) and baseline corrected. Masses were detected with centroid algorithm and chromatogram building was carried out with minimum time span of 0.1 min, minimum height of 1E3 and mass accuracy 0.5 m/z. The retention time (Rt), mass spectrometric base peak used for quantification, confidence level in identification, matches in the Human Metabolome Database (HMDB) and PubChem are listed in Table 1 .
1 H NMR
Spectra were processed automatically using the Bruker TopSpin software with zero-filling (sixfold), the application of 0.3 Hz of line broadening, phase correction and referenced relative to TSP incorporated as an internal standard. Processed data files where subsequently imported in batch mode into the dataChord spectrum miner software (OneMoon Scientific, New Jersey, USA). Each region was integrated and the total integral area of each bin divided by the area of the internal standard TSP creating the final data table for statistical analysis. The spectroscopic bins for which resonances of urinary metabolites were reported, based on the Chenomx Library version 7.7 / HMDB are listed in Table 1 .
Statistical analysis
Data processing of urine metabolite measures from 1 H-NMR and GC-MS were conducted separately using the commercially available Metaboanalyst software 3.0. (Xia et al. 2015) To account for heteroscedasticity data were normalized by sum, log-transformed and auto-scaled using the Metaboanalyst software. (Xia et al. 2015) Missing values have been replaced by half the minimum observed value for the respective metabolite.
Mean and standard deviations were calculated for continuous variables at baseline, 6 and 12 months follow-up. Data on BMI and METs were available for all 3 time points, while muscle area measurements were solely assessed at baseline. One-way ANOVA was applied for multiple group comparison. Pearson Chi-squared test was conducted for testing distribution differences by time points for categorical variables. Pearson's partial correlation coefficients were calculated adjusting for sex and age. As we observed similar results from analyses adjusting in addition for tumor stage (data not shown), we only present data adjusted for age and sex. In sensitivity analyses we excluded patients diagnosed with stage IV cancer, as results may have been impacted by tumor cachexia (data not shown). Scatter plots were used to visualize the relationship between parameters of energy balance at baseline.
Cox proportional hazard models were used to investigate overall survival after 24 months of follow-up; adjusted for age, sex, stage and analytical batch. Time at risk was estimated from the date of recruitment to the date of death, loss to follow-up, or the end of follow-up, whichever occurred first. Patients that were still alive after 24 months of followup were censored. We adjusted for residual confounding based on the method from Willet et al. to account for the collinearity between the investigated biomarkers. (Willett et al. 1997) .
To summarize risk associated with the investigated metabolites, a risk score was created based on tertiles of metabolite concentrations. Patients were assigned values based on tertiles of metabolite concentration for BCAAs: zero (1st tertile); one (2nd tertile) and two (3rd tertile). For catabolite concentrations, participants in the 3rd tertile were assigned a zero, a one for the 2nd tertile and a two for the 3rd tertile as prior analyses have shown an inverse association with survival. After assigning a score for each metabolite, the scores were summed to generate an individual metabolite risk score. The continuous score variable was then redefined in tertiles.
Statistical analyses and figure-plotting were performed using SAS for Windows, version 9.4. All tests were twosided with significance level 0.05.
Results
Patient characteristics are presented in Table 2 . We included a total of n = 163 CRC patients at baseline with an average age of 64.1 years at enrollment. Patients were more likely to be male (67%) with an average BMI of 26.6 kg/m 2 at baseline. About half of the patients were diagnosed with colon cancer and 53% of patients were diagnosed with advanced tumors (stage III and IV). After 24 months of clinical follow-up n = 31 patients died.
Follow-up data were available for n = 83 patients at 6 months and n = 57 patients at 12 months follow-up. Repeated measurements for all three time points were available for n = 12 patients. For n = 38 patients we had measurements at baseline and 6 months follow-up, for n = 22 patients we had measurements at 6 and 12 months follow-up, for n = 8 patients we had measurements at baseline and 12 months follow-up. Single measurements were available for baseline (n = 129), 6 months follow-up (n = 17) and 12 months follow-up (n = 20).
The BCAAs (isoleucine, leucine and valine) where highly and significantly correlated at each time point (e.g., baseline: > 0.75, 6 months follow-up correlation: > 0.88, 12 months follow-up correlations: >0.91; Supplementary Table 1 ). For the three catabolites 2EA, 2M3HA and 3HM correlations with each other and over time were modest ranging between 0.41 and 0.56 (Supplementary Table 1 ).
The correlations with the main BCAAs and the three catabolites were significant but comparably low, ranging from − 0.03 to 0.14 (baseline); − 0.02 to 0.18 (6 months follow-up) and − 0.07 to 0.19 (12 months follow-up; Supplementary Table 1 ). In Tables 3 and 4 we have summarized Pearson's partial correlations (adjusted for age and sex) for BCAAs and the catabolites with parameters of energy balance at each time point. We did not observe significant correlations for any of the investigated metabolites with parameters of energy balance. At all three time points, the correlations of isoleucine, leucine and valine with the parameters of energy balance were small and not statistically significant: e.g., BMI: leucine: range of correlations: − 0.12 to 0.03 (p > 0.35); isoleucine: range of correlations: − 0.13 to − 0.03 (p > 0.35); valine: range of correlations: − 0.11 to 0.05 (p > 0.43).
We observed only one nominally significant inverse correlation with muscle area and valine at baseline (r = − 0.26, p = 0.04) and with 2M3HA at 6 months follow-up (r = 0.35, p = 0.03). Based on the number of hypotheses tested, we would have expected at least 2 significant correlations at p < 0.05 by chance. The correlations presented in Tables 3  and 4 were similar if we adjusted for cancer stage in addition (data not shown).
In sensitivity analyses excluding patients diagnosed with stage IV cancer led to similar results (data not shown). To visualize the independence of the biomarkers with parameters of energy balance at baseline, we used scatter plots for isoleucine with BMI, METs, and muscle area (shown in Fig. 1) .
The results of the overall survival analyses are presented in Fig. 2 . We conducted separated analyses for (i) stage I, II and III and (ii) stage IV; adjusted for age, sex and analytical batch. Valine and isoleucine were not associated with risk of death in patients diagnosed with stage I through III CRC (valine: HR log2 = 1.62, 95% CI 0.72-3.61; isoleucine: HR log2 = 1.28, 95% CI 0.56-2.90). There was no association between valine and isoleucine in patients diagnosed with stage IV tumors (valine: HR log2 = 1.04, 95% CI 0.57-1.90; isoleucine: HR log2 = 1.09, 95% CI 0.56-2.12). A significant inverse association was observed for 2EA and 2M3H with overall survival, independent of cancer stage at diagnosis (e.g., 2EA: stage I-III: HR log2 = 0.42, 95% CI 0.19-0.94; stage IV: HR log2 = 0.51, 95% CI 0.30-0.88). In analysis adjusting for residual confounding, we observed comparable HR compared to those adjusted for age, sex and batch Table 2) . We further have used data on BCAA and catabolite concentrations to develop a summary risk score. Patients with a summary score between 8 and 12 had a fourfold increase in risk of death compared to patient with a summary score between 1 and 4 (Summary Score 8-12: HR log2 = 3.96, 95% CI 1.11-14.0; Table 5 ). Fig. 1 Scatter plot of the correlation of isoleucine with parameters of energy balance at baseline: BMI (a), METs (b) dorsal muscle area (L4/L5) (c) and psoas muscle area (L4/L5) (d) with isoleucine at baseline. This figure illustrates that there are no meaningful correlations between branched-chain amino acids (e.g., isoleucine) and markers of energy balance in colorectal cancer patients Fig. 2 Forest plot of the associations of urinary measurements of valine, isoleucine, leucine, 2EA, 3HM, 2M3H with overall 2 year survival in colorectal cancer patients, stratified by stage at diagnosis
Discussion
In the present study urinary concentrations of BCAAs and their catabolites were not correlated with parameters of energy balance in colorectal cancer patients at different time points after diagnosis (e.g., surgery, 6 and 12 months after surgery). Survival analyses identified BCAAs and their catabolites as potential biomarkers for colorectal cancer survival.
The absence of correlations between BCAAs and markers of energy balance is in contrast to numerous studies in healthy individuals. (Moore et al. 2014; Newgard et al. 2009; Felig et al. 1969; Xiao et al. 2016; Lustgarten et al. 2014) Serum-based concentrations of BCAAs have been consistently linked to (i) BMI in healthy individuals, (Moore et al. 2014; Newgard et al. 2009; Felig et al. 1969) (ii) physical activity in a cohort of healthy Chinese adults (Xiao et al. 2016) or (iii) thigh muscle cross-sectional area in functionally limited, but otherwise healthy, older adults. (Lustgarten et al. 2014) To the best of our knowledge, there is no prior study that has investigated correlations of urinary BCAAs with parameters of energy balance in colorectal cancer patients. The role of BCAAs in cancer metabolisms are just starting to be explored. Thus, there may also be alternative explanations for the observed lack of correlations of BCAAs with parameters of energy balance in cancer patients. BCAAs have been consistently linked to cachexia-the involuntarily loss of muscle area. (Porporato 2016) Prior studies have shown decreased BCAA concentrations in patients diagnosed with cachexia. (Norton et al. 1985; Beck and Tisdale 1989; Anthony et al. 2000) This is in agreement with the present data, showing that elevated concentrations of BCAA in patients diagnosed with stage IV cancer were not related to overall survival. Another reason may be a potential difference between BCAA concentrations measured in serum/plasma compared to concentrations measured in urine in cancer patients. To date, there is limited data on the comparison of amino acid profiles in serum and urine of prostate cancer patients (n = 49) and controls (n = 40) showing reasonable correlations between BCAAs in urine and serum with comparable predictive accuracies. (Derezinski et al. 2017) In addition, the authors observed comparable sensitivity and specificity to distinguish between cases and controls for both types of biospecimens. (Derezinski et al. 2017) .
A plausible explanation for the absence of correlations in our study may be that changes in BCAAs in cancer patients reflect truly tumor metabolism, (Ananieva 2015; Commisso et al. 2013 ) rather than muscle area, BMI or physical activity. There is evidence regarding BCAA-induced apoptosis in cancer cells (Terakura et al. 2012; Shimizu et al. 2014 ) and inhibition of angiogenesis. (Murata and Moriyama 2007; Cha et al. 2013 ) Using a summary risk score we observed that patients in the top tertile had a significant fourfold increase of risk of death compared to patients in the bottom tertile. The numbers for this analyses were not stratified by stage due to the limited sample size. However, we adjusted for stage in these analyses. While we did not observe an increased risk evaluating metabolites separately, the score identified patients at increased risk of death.
In vitro and in vivo studies indicate that BCAAs may impact cancer development and progression (Baracos and Mackenzie 2006; O'Connell 2013; Nakano et al. 2013) possibly through the mTOR signaling pathway. (Nakano et al. 2013; Anthony et al. 2000) The mTOR pathway is a promising therapeutic target for various cancer types, (Leelawat et al. 2007; Alvarez et al. 2007 ) including CRC (Weijenberg et al. 2013) as it controls protein translation, cell growth, proliferation, and autophagy. (Ananieva 2015) There is no direct evidence for a link between BCAAs and the mTOR pathway in colorectal cancer. Recent in vitro data, however, revealed that increased BCAA metabolism drives cancer progression in myeloid leukaemia (Hattori et al. 2017 ) and breast cancer. (Zhang and Han 2017; Thewes et al. 2017 ) A potential underlying mechanism may be the elevated expression of branched-chain amino acid transaminase 1 (BCAT1) with subsequent activation of mTOR signaling. (Zhang and Han 2017) .
In survival analyses we observed differences in the associations between BCAAs and their catabolites with overall survival, with BCAAs being related to increased risk of overall death while catabolites such as 2-ethylhydracrylic acid (2EA) have been associated with a significant reduction in risk of death. Increased urinary concentrations of 2EA are an indicator for deficiencies in enzymes of the (S) pathway of isoleucine metabolism, (Ryan 2015) such as BCAT1. BCAT1 has just recently been shown to enhance intracellular production of BCAAs and has been linked to progression of myeloid leukemia (Hattori et al. 2017 ) and growth of breast cancer cells in vivo. (Zhang and Han 2017) .
This study has strengths as well as limitations. This is the first study to date comprehensively investigating correlations of BCAAs with parameters of energy balance in cancer patients using GC-MS and 1 H-NMR. Prior studies predominantly investigated BCAAs using serum-or plasma-based samples, instead of urine samples. A particular strength of this study is that urinary biomarkers can be assessed using a non-invasive approach for continuous disease monitoring. (Altobelli et al. 2016 ). We used state-of the-art metabolomics for the measurement of urinary BCAAs. Isoleucine and leucine were measured by 1 H-NMR, a quantitative method that does not require extra steps for sample preparation and determines very accurate measurement of compounds. Limited sensitivity and missing chromatographic separation of metabolites may complicate compound identification. However, prior research has shown the quality of 1 H-NMR to measure and identify isoleucine and leucine in urine. (Bouatra et al. 2013) Valine and the catabolites were measured by GC-MS. This is an excellent approach that offers combined sensitivity and selectivity platforms for metabolomics research. However, in contrast to 1 H-NMR where nearly all detectable peaks are identifiable, metabolite coverage by GC-MS tends to be relatively incomplete. However, for the metabolites we have strong confidence levels for compound identification (level 1 and level 2, see Table 1 ).
We tested a comprehensive set of parameters of energy balance (e.g., BMI, physical activity, muscle area) from a well-described prospective cohort of CRC patients. Determination of skeletal muscle area by CT is a reliable and noninvasive method to provide information on muscle area and composition. (Goodpaster et al. 2000) However, muscle area was only assessed at one single time point as part of patient's clinical care. The sample size was reasonable to investigate correlations at baseline and 6 months follow-up, it was limited for analyses at 12 months follow-up. We had a limited number of events available (n = 31) to investigate overall survival.
Conclusions
We observed no significant association between urinary BCAAs and their catabolites with physical activity, BMI and skeletal muscle area at baseline or at follow-up after 6 and 12 months in a well-described cohort study of prospectively followed CRC patients.
Elevated concentrations of valine and isoleucine were associated with a non-significant increase in risk of death in stage I-III patients with, while catabolites of BCAA metabolisms such as 2EA significantly reduced overall mortality, independent of cancer stage at diagnosis. These results imply that BCCAs measured in urine are not functioning as a biomarker for parameters of energy balance and should be investigated further as independent prognostic markers for Colorectal Cancer survival. Most important, urine is a biospecimen that is collected non-invasively, which makes it a prime candidate for the development of clinically useful biomarkers. 
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